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PREFACE

This report is one in a series by the authors describing
their work on the relationship between health and energy. The
study was carried out at IIASA in 1976 to 1977 as part of the
joint UNEP/IIASA project, The Comparison of Energy Options: A
Methodological Study. Using cross-sectional as well as longi-
tudinal data, the series examines the role of economic develop-
ment in improving health. The national data used here extended
over the period 1900 to 1975 and covered 99 percent of the world
population. The results of this research are descriptive, but
may be used in a predictive manner for energy, education, and
health policy decisions.

This report studies the relationship between infant mortal-

ity on the one hand and nutritional, medical care, social, and
economic indicators on the other.
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SUMMARY

In a previous report (Energy Consumption as an Indicator of
Longevity, PP-78-6), we described the relationship between ener-
gy consumption and health. In this follow-up study, we examine
certain independent variables in order to ascertain the mecha-
nisms underlying the effect of development on infant mortality.
Those variables include: nutrition, medical care, education,
religion, urbanization, and GNP. The study population consists
of all nations for which data were available. Statistical anal-
ysis is both cross-sectional and longitudinal. We conclude from
this analysis that economic development is responsible for ap-
proximately half of the reduction in infant mortality that has
occurred over the past few decades, and that, of the intervening
variables tested, energy consumption and literacy bear a strong
and predictive relationship to declining infant death rates.

In addition, other still unidentified factors are operating to
reduce death rates throughout the worid.
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Health and Economic Development I:
Infant Mortality

INTRODUCTION

Although there is much in demography that is controversial,
there is little dispute regarding an inverse relationship be-
tween economic development and infant mortality. Demographers
generally consider the major intervening factors to be increased
access to food, and improved medical care, sanitation, and hous-
ing. The relative contribution of each of these and other fac-
tors has been difficult to quantify, partly because the indepen-
dent variables are so highly intercorrelated and partly because
valid measures of economic development, particularly in inter-
national comparisons, are not easily achieved. For these rea-
sons the precise nature of the relationship between economic de-
velopment and infant mortality remains enigmatic. In this paper
we attempt an analysis of certain variables related to econcmic
development as they may affect infant mortality.

Quantification of the relationship between economic develop-
ment and infant mortality is not merely a matter of academic
scholarship. Few issues create more public concern than popu-
lation growth on the one hand and poverty on the other. Light
might be shed on both of these phenomena if their interrelation-
ships were clarified. Because economic development clearly has
a powerful influence on population parameters, increased know-
ledge of interactions among these variables can contribute to
the development of population models. As it is, projections of
population growth generally rest on extrapolations from past
trends rather than on any predictive model incorporating econom-
ic factors [1].

Not all age groups have benefited equally from the declin-
ing mortality rates of the past several decades. Infant death
rates have shown the greatest reductions, and we have chosen to
focus on that age group in this study. A more general measure
of health is longevity from birth, which combines death rates
at all age groups. We study longevity separately in a sequel
paper [2].

Elsewhere, we have identified two factors operating to re-
duce infant mortality: one is closely related to and dependent
upon economic development and the other is a secular trend un-
related to economic development [3]. These relationships are
shown in Figure 1. Specifically, the question to which we
address ourselves is whether we can offer some explanation of
either of these phenomena with currently available data.
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Relationship between energy consumption and infant
mortality for 47 countries (1950-1960-1970 data)
from [3].

We have carried out both cross-sectional and longitudinal
studies on 150 countries which contain more than 99 percent of

the world's population.

It was not our intent to carry out a

detailed clinicopathologic study of infant mortality, but rather
to examine those gross variables for which data are now generally
available for most countries to test whether equations could be
derived which would permit linking infant mortality to economic
development.

The variables examined, the shorthand notations used in
text and tables and their sources are as follow:



INFMORT = infant mortality per 1000 live births [4]

LONGBI = longevity from birth in years [U4]

FERTILITY = annual births per woman aged 15 to 45, calcu-
lated from statistics available in [4]

BIRTH RT = live births per 1000 population [4]

DEATH RT = deaths per 1000 population [4]

GNP = per capita GNP in dollars [5]

ENERGY = per capita annual commercial energy consump-
tion in kilograms of coal equivalent (kgce) [6]

% LABAG = percent of labor force employed in agricul-
ture [7]

% GTH = percent of total population living in cities
of more than 100,000, calculated from
statistics in [8]

% LITERACY = percent of persons over age 15 able to read
and write [9,10]

ENROLM = percent of eligible population enrolled in
school [7]

TOTCALS = per capita total daily calories [11]

CARBCALS = per capita daily calories from carbohydrate [11]

FATCALS = per capita daily calories from fat [11]

PROTCALS = per capita daily calories from animal and
vegetable protein [11]

APRCALS = per capita daily calories from animal protein [11]

POP/MD = number of persons per physician [8]

POP/BED = number of persons per hospital bed [8]

GINI = an index of distribution of income [7]

% HALF = smallest percent of population receiving half
of total income [7]

% CHRISTIAN = percent of population who are Christian [7]

% MOSLEM = percent of population who are Moslem [7].

Infant mortality data used are those reported by each coun-
try. By definition, infant mortality refers to all deaths dur-
ing the first year per 1000 live births. Difficulties with the
data arz twofold: incomplete reporting by local authorities and
variations in the definition of live birth. The latter problem
has been addressed by combining stillbirths with early postnatal
deaths into a separate category, perinatal mortality. Such data
are available for only a small number of cases. Underreporting
undoubtedly occurs, particularly in rural areas of less developed
countries. Unfortunately the magnitude of this bias cannot ac-
curately be estimated, but would operate to underestimate infant
mortality. We also cannot exclude the possibility that some
countries purposefully underestimate or overestimate infant mor-
tality rates for political purposes. We overcome this diffi-
culty to some extent by the use of longitudinal data where it
is assumed that reporting practices within countries are fairly
constant.

As a measure of economic development, we have chosen to use
annual per capita commercial energy consumption. Such an index
has certain advantages and disadvantages. Energy consumption
alone is not identical with economic development, as is illus-
trated by some of the small developing OPEC countries which have



enormous levels of energy consumption; but it is a necessary com-
ponent of the process of development. However, the quantitative
relationships are as yet unclear, and various pathways to develop-
ment may have different energy requirements, as noted in the
differing energy consumption levels of nations with similar de-
grees of development [12].

The advantage of energy consumption as a measure of economic
development is that it provides a constant physical unit, compar-
able over time and among countries. Per capita GNP is often used
as a measure of economic development. This quantity suffers from
the defect of requiring arbitrary adjustments when used among na-
tions with different currencies or for longitudinal studies where
adjustments for inflation or deflation are necessary. There are
other defects inherent in the use of GNP as a measure of economic
activity that need not be discussed here but have been reviewed
elsewhere [13].

We have described elsewhere the regression of infant mor-
tality on energy consumption for the years 1950, 1960, and 1970,
using a logistic curve of the form y = a + be presented in Fic-
ure 1 [3]. We interpreted the data as demonstrating distinct
phases in economic development as it affects mortality, namely
from 0 to 99 kgce (Phase I), 100 to 1999 kgce (Phase II), 2000 to
3999 kgce (Phase III), and more than 4000 kgce (Phase IV). In-
fant mortality is relatively insensitive to increasing energy
consumption throughout the first and fourth phases, but declines
sharply in the middle two phases, i.e. from 100 to 4000 kgce.

In this paper we further divide Phase II into two categories so
as to examine the "take-off" phase of economic development in
more detail: Phase IIa from 100 to 399 kgce, and IIb from 400
to 1999 kgce.

The 29 countries in Phase I, containing 9 percent of the
world's population, are characterized by illiteracy, inadequate,
monotonous and uncertain diet, and high rates of infant mortality
and fertility. The primary economic activity is subsistence
farming. There is little use of money and energy inputs are
largely from human muscle. Ethiopia, Nepal, and much of Africa
below the Sahara are examples.

Phases IIa and IIb, the early phases of economic develop-
ment, contain 62 percent of the world's population. Per capita
GNP has begun to rise. The portion of the labor force engaged
in agriculture begins to fall. Urbanization commences. Infant
mortality starts to fall and longevity increases by approximately
10 years in each of these phases. 1India, China, and much of
Latin America are examples. In Phase III all of these trends
continue, although only small gains in longevity occur. 1In
Phase IV the development process is mature; literacy is now vir-
tually universal, and health benefits begin to plateau in spite
of progressive industrialization.



STANDARI!ZED SCORE

DATA ANALYSIS

We obtained current (1975) values of the above-mentioned
variables, whenever possible, for 150 countries. While infor-
mation on population and vital statistics was available for each
country, other data were incomplete. For instance, GINI and
% HALF were available for only 71 countries. However, 116 coun-
tries had complete data on the variables used in most of the
analysis.

Results based on these data constitute our cross-sectional
analysis. Statistical averages (weighted by population) were
obtained using complete data on each variable. These averages
are presented in Table 1 by energy phase. Standardized scores,
i.e. (phase mean - grand mean)/total standard deviation, are
shown in Figure 2. The signs of these scores were adjusted so
that they were all positive for the developed phases.
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Figure 2. Standardized scores for 16 variables, by annual per
capita energy consumption (kgce), 150 countries.
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Weighted simple correlations were estimated from complete
pairs of correlations. Weighted multiple regression analysis
of INFMORT on various explanatory variables was based on the
116 countries with complete data. This analysis excluded % LABAG,
ENROLM, GINI and % HALF, as described later. The longitudinal
analysis is based on a subsample of 44 countries for which infor-
mation was available in 1950 and 1970.

In the regression and correlation analysis some variables
were transformed to their logarithmic values since this improved
linear correlation with INFMORT. Variables so transformed were
GNP, ENERGY, POP/MD, and POP/BED. Finally, to further illustrate
the degree of linear dependence between INFMORT and the explana-
tory variables, we chose to report the proportion of standard de-
viation (SD) explained, rather than the familiar proportion of
variance, since the SD is in the same units as the original mea-
surements. While the proportion of variance explained is the

square of the multiple_correlation coefficient (rz), the pro-
portion of SD is 1 - V1 - r2 [14]. The latter is always less
than or equal to the former. For example, if # = 0.8, then the

proportion of variance explained is 0.64 (64 percent) while the
proportion of SD explained is 0.40 (40 percent).

CROSS-SECTIONAL ANALYSIS

In the following sections, we shall analyze each set of
explanatory variables separately.

Nutrition

The relationship between national average food consumption
data and nutrition of the fetal host-mother and the postnatal
infant is uncertain and probably of less importance than tra-
ditional attitudes towards maternal and infant feeding practices.
Under these circumstances, aggregated food data provide infor-
mation only on the general nutritional background to infant mor-
tality effects. Our nutritional variables are total daily calo-
ries as well as major nutritional components, i.e., carbohydrate,
fat, and protein of both plant and animal origin (Figure 3 and
Table 1). Since nutrition increases in a nonlinear fashion with
energy consumption, the curves in Figure 3 represent least-squares
quadratic regression equations of the nutritional variables on
the logarithm of energy consumption.

Average caloric intake per capita throughout the world is
2421, rising from 2115 in the Phase I group to 2993 in Phase IV.
Carbohydrate calories remain fairly constant with increasing
wealth and access to greater quantity and variety of foodstuffs.
Additional calories come from increasing fat and protein. Fat
provides 14 percent of diets in the poorest countries, coming
mostly from non-separated vegetable fats, and 36 percent in de-
veloped countries, with separated fats and animal fats as the
predominant source. Protein content remains fairly constant at
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Figure 3. Average daily availability of calories from major
food groups, by national energy consumption.

all caloric levels (almost 11 percent) but there is a gradual
shift from vegetable to animal sources. In Phase I, 17 percent
of protein calories comes from animal sources, in contrast to
57 percent in Phase IV. It is likely that these mean values
conceal the economic and temporal maldistribution that occurs
with nutrition, particularly in poorer countries. Data on this
point are very difficult to obtain.

Table 2 includes correlation coefficients of the nutri-
tional variables with infant mortality. Although all of the
variables show significant relationships to infant deaths for
the total population, only animal protein calories show a re-
latively consistent relationship within energy groups as well
as the highest total correlation coefficient of all nutriticnal
variables.

In another analysis, we used different sets of independent
variables in turn as explanatory variables of infant mortality.
After noting the percent of standard deviation of infant morta-
lity explained by a given set, we calculated the partial
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correlation of infant mortality with each of the remaining inde-
pendent variables. Table 3 shows the results of this analysis
for the total sample of countries and for each energy phase.

The table lists the percentages of standard deviation explained
as well as each variable with a partial correlation greater than
0.5 in absolute value. For the total sample of 116 countries

for which complete data were obtained, nutrition alone explained
52 percent of the standard deviation for infant mortality. After
removing the linear effect of nutrition, other variables still
retained some significance. Adding literacy to the eqguation
further reduced variance, permitting 74 percent of the total
standard deviation to be explained. Partial correlations with
medical care remained significant after removal of nutrition but
reduced variance less than did literacy. Within energy groups,
nutrition provided very little reduction in variance except in
Phase IV, where, however, variance of infant mortality is already
very small (SD = 4.6).

Medical Care

Two measures of medical care are available for the major-
ity of countries studied: ratios of population to numbers of
physicians and to hospital beds. Both have serious defects for
the purpose of studying impact of medical care on infant mor-
tality. Physicians and hospitals are not equally available to
all members of a national population. Inequities occur because
of both geographic and economic barriers and will vary among
countries in an unpredictable fashion. Furthermore, physicians
and hospitals will vary across countries in the amount and gqual-
ity of attention they give to maternal and child health. Also,
doctors and hospitals are not the only vehicle through which
the benefits of medical technology are available. National and
international public health services are, in the view of many,

a more important mechanism for the delivery of effective medical
technology than are clinicians. The measures of medical care
available to us are more representative of curative than of pre-
ventive medicine.

Correlations of population per physician and per hospital
bed with infant mortality are high--r = 0.89 and 0.86, respec-
tively--yet we have reasons for doubting that this relationship is
strongly causal at all levels of development. They are:

- There is no consistent correlation within energy con-
sumption groups. Of the 10 correlations, 6 are not
significant, and 3 that are significant suggest a posi-
tive correlation between numbers of doctors or hospital
beds and infant mortality.

= Although density of dcctors and hospitals explains 60
percent of overall SD, it explains only 10 and 20 per-
cent of SD in the Phase IIa and IIb groups, respectively.
It is at these levels of development that the greatest
decline in infant mortality occurs. These observations
are consistent with a relatively unimportant role of
curative medicine in developing countries where infant
mortality is still a major health problem.
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Education

Education has long been recognized as a major component of
economic development. Both GNP and energy consumption are highly
related to literacy. Construction and operation of facilities
and equipment, management of markets, and transportation all re-
gusire trained people and a large percentage of the population
whe zan, at the very least, read. The role of education in re-
ducing infant mortality may appear less obvious than the vari-
akbles already described, nutrition and medical care, but it is
statistically the most powerful explanatory variable that we
have identified.

We selected for study two measures of education, literacy
and school enrollment. The former is a statistic collected by
gach country and generally refers only to persons above age 15.
School enrcllment is an index used by UNESCO for that part of
the pcopulation aged 5 to 19 inclusive, who are actually enrolled.
We alsc evaluated as an independent variable the percentage of
worldwide scientific articles contributed by each country, but
it performed so poorly in explaining infant mortality that it
was drcpped from further consideration.

0Of the two variables, literacy was the more potent in ex-
olaining infant mortality. The correlation with infant mortality
was the strongest found (-0.96), and was consistent in all phases
of development with the exception of Phase IV, where the liter-
acy rate, averaging 97.2 percent, becomes a poor indicator. 1In
those developed countries school enrollment becomes a better in-
dicatcer and correlates moderately well with infant mortality.,

Regression analysis also supported the significant effect
of literacy (Table 3). Of all the variables, literacy was the
most powerful in explaining infant mortality, reducing the
standard deviation by 72 percent. Furthermore, in Phases Ila
and IIb, in which infant mortality rapidly declines fom 159 to
21 cer 1000, literacy alone explains 40 and 44 percent of the
standard deviation, respectively. In addition, partial corre-
lation coefficients of literacy remain highly significant after
removing any of the other variables.

Urbanization

One of the most consistent characteristics of economic
development is the appearance and growth of cities and the in-
creasing proportion of the population living in such cities.

In our data, 26.4 percent of the world's population lives in
cities of more than 100,000 population. In the least developed
countries, 6.7 percent of the population is in such cities, and
in the most developed, 45.3 percent.

We assessed a number of measures of urbanization. The
United Nations publishes an index of urbanization calculated in-
dividually by each country. We also computed for each country
the percent of population living in cities larger than 100,000
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(GTH) and larger than one million. Any measure of urbaniza-

tion will suffer from the difficulty of defining city boundaries,
but variability in the UN index is greatest due to the widely dif-
fering definitions adopted by each country. Of the three indi-
ces, GTH exhibited greater statistical correlation with infant
mortality and was therefore used as our measure of urbanization.

As shown in Table 2, the correlation coefficient of urbani-
zation with infant mortality was -0.78, and was significant

above 400 kgce. In the regression analysis (Table 3), urbani-
zation explains the smallest portion of any of the major vari-
ables examined (37 percent). Within energy groups, GTH never

explains as much as 20 percent of SD.

Other Vvariables

Several variables were examined and found to be of little
significance. They were therefore dropped from further analysis.
We are unable to determine whether this was due to poor quality
of the data or to true lack of correlation with infant mortality.
These variables were: religion as measured by percent Christian
or Moslem, and two measures of distribution of wealth, the GINI
index and the percent of population owning half of the wealth
(Table 3). Others not reported in this paper are: two measures
of sanitation, percent of homes with flushing toilets and of
homes with piped water; a measure of housing density, number of
persons per room; and an additional measure of education, dollars
spent on education per capita.

The logarithm of per capita GNP exhibited increasingly sig=-
nificant correlation of infant mortality with economic develop-
ment. After removing the effect of both nutrition and medical
care in Phase IV, GNP still retained the power to explain 52
percent of the remaining standard deviation. Percent of GNP due
to industry and agriculture was of less significance than per-
cent of labor force engaged in agriculture. All three measures
were too insignificant to be included in further analysis.

Two other demographic variables were tested as they related
to infant mortality, longevity from birth and fertility. The
former shows a high degree of correlation with infant mortality,
because infant mortality itself partly determines longevity from
birth. In addition, mortality rates tend to rise or fall simul-
taneously in all age groups.

Fertility declines at each stage of development parallel
to declining infant mortality. Although there are undoubtedly
strong interactions between these variables, evidence suggests
that infant mortality declines prior to reduction in fertility
[1,15]. Demographic transition theory posits that it is the per-
ception of declining infant mortality that persuades parents to
limit family size. Close inspection of Table 1 supports that
thecry: the sharp decline in fertility lags behind that in in-
fant mortality. There can be no question that short birth
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intervals and prolongation of fertility into middle age, common
in highly fertile societies, are associated with high levels of
infant mortality. The data, reviewed by Wray [16], demonstrate
clearly that reduction in family size, reduced parity, and in-
creasing birth intervals all reduce illness and infant mortality.

LONGITUDINAL ANALYSIS

As seen in Figure 1, there is evidence that worldwide in-
fant mortality rates are falling independently of economic de-
velopment. Nations at all levels of development have benefited
by a decrease in infant mortality of approximately 20 deaths per
1000 live births. We therefore tested whether the independent
variables discussed above could explain observed declines in in-
fant mortality. Although complete data for variablles are not
available for 1950, 44 countries do have sufficient data for
longitudinal analysis in both 1950 and 1970, and complete data
are available for 22 countries in both years. Mean values are
shown in Table 4 both for the larger sample of 44 countries used
for literacy and energy comparisons and for the smaller sample
of 22 countries used for analysis of nutritional, medical, and
urbanization variables. The statistical means for the larger
sample of 44 countries have been weighted for the 1950 popula-
tion. The smaller sample of 22 countries, used for more exten-
sive analysis, has not been weighted, principally because of
India where the size of the population and anomalous behavior
of many of the variables would have distorted the analysis.

Table 4. Statistical means of selected variables
{1950 and 1970 data)

Variables 1950 1970 % Change
INFANT MORTALITY* 111.6 57.8 - 48
% LITERACY* 62.3 76 .4 + 23
Energy 1276 2648 + 108
TOTCALS 2706 2890 + 7
FATCALS 333 989 + 197
APRCALS 144 176 + 22
CARBCALS 2058 1575 - 23
PROTCALS 315 326 + 3
POP/MD 1751 1225 - 30
POP/BED 358 226 - 37
% GTH 25 36 + 44

*Based on 44 countries; otherwise 22.
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correlation coefficients for selected variables and infant
mortality are shown in Table 5 both for 1950 and.for 19?0 data.
Correlations for the two years are in general quite similar.
Differences in infant mortality (1950 to 1970) were also
calculated, and the difference was used as a dependent var?able
and correlated with differences in certain independent variables
as shown in Table 5. Of the variables studie@, l%teracy,_energy
consumption, and two nutritional variables malntalned thglr ex-
planatory value in longitudinal as well as 1in cross—-sectional

analysis.

To evaluate the usefulness of each of these three variables
in predicting infant mortality decline, 1950 to 1970, we calcu-
lated elasticities associated with each from the 1975 cross-sec-
tional data. Infant mortality is estimated to decrease by one
unit for a 13.5 percent increase in total calories, a 0.56 per-
cent increase in literacy, or a 0.034 increase in the logarithm
of energy consumption. Applying these estimates to the observed
increases in these variables from 1950 to 1970, 47, 47, and 49
percent of the decrease in infant mortality was accounted for,
respectively. We thus concluded that any or all of these vari-
ables can be used as indices of development. Since literacy
and energy had the highest correlations with infant mortality
(Table 5) and were based on the most complete data (44 coun-
tries), we carried out a multiple regression analysis in which
infant mortality difference, 1950 to 1970, became the dependent
variable, and infant mortality levels 1950, and energy and liter-
acy for 1950 and subsequent 20-year changes became the indepen-
dent variables. The resulting equation was as follows:

Table 5. Correlation coefficients: selected variables
with infant mortality (1950 and 1970 data)

Infant Mortality Infant Mortality Difference
Variables (1950) (1970) (1950,1970)
% LITERACY* -.96 -.98 +.86
ENERGY* -.89 =.86 +.83 +
FATCALS -.76 -.78 (=-.29)
PROTCALS ~-.66 -.70 (+.39)
APRCALS -.78 -.78 +.53
TOTCALS -.83 -.77 +.69
POP/BED +.80 +.92 (.06)
POP/MD +.72 +.75 (-.33)
% GTH -.57 -.37 (-.16)

*Based on 44 countries; otherwise 22. . o
tFigures in parentheses are not statistically significant at

the 0.5 level.
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Infant mortality difference
between 1950 and 1970 9.86 log (energy ratio

(1970, 1950)

+ 0.424 (literacy increase
1970, 1950)

1.436 (literacy increase)

* log (energy ratio)

3.94 log (energy 1950) (1)
1.16 literacy 1950

0.671 INFMORT 1950

107.0.

+

I+ + )

This equation reduces the SD of infant mortality differences
from 43 to 6. It incorporates not only linear effects of changes
in literacy and energy but also the effect of their interactions
as measured by their product. Using the first three terms in
this equation, it is possible to calculate various combinations
of literacy and energy changes which could have reduced infant
mortality by certain amounts. Figure U4 represents graphs of
combinations necessary to reduce INFMORT by 20, 40, and 60 per
1000 live births, respectively. These can be interpreted as the
isoquants of the economic production curves.

ENERGY
RATIO

40

30

20 §0 -

H) 10 15 20 25 30 35 40
LITERACY INCREASE (PERCENT)

Figure 4. Relationship between increasing energy consumption
and literacy increase in producing selected levels
of reduction in infant mortality.
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The predicted and the actual infant mortality decline for
each group of countries by phase of economic development were
calculated by use of Equation (1) and are shown in Figure 5.
Also shown are the relative contributions to infant mortality
decline from literacy increase, energy growth, and their inter-
action, based on the first three terms of the equation. The
portion of infant mortality unexplained by changes in literacy
and energy is constant at about 30 deaths per 1000 live births
in each energy phase. This portion is more than half (56 per-

80 -

RN\ Predicted by Energy

Predicted by Interaction
70 4

Predicted by Literacy

Unexplained

! \
M

60 4 Total Predicted

( PER 1000 LIVE BIRTHS )

50

40 -

30 4

20 4

DECLINE IN INFANTMORTALITY FROM 1950 TO 1970

10 4

Y

2000 -
4000
N=11 N=16 N=44

PER CAPITA ANNUAL ENERGY CONSUMPTION (kg COAL EQUIVALENT)

TOTAL

Figure 5. Decline in infant mortality, 1950 to 1970, as pre-
dicted by increased energy consumption, increased
literacy, or their interaction, by level of energy
consumption.
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cent) of the predicted level. While these variables were able
to predict declines in infant mortality with a remarkable de-
gree of accuracy (SD reduced by 85 percent), economic develop-
ment as indexed by literacy and energy consumption increases
accounted for only 44 percent of the actual decline.

It is interesting to note that the figure of 44 percent,
obtained solely from longitudinal analysis, is similar to the
47 to 49 percent which were arrived at by a different methodo-
logy, i.e., by applying the elasticities of literacy, energy,
or total calories obtained from cross-sectional data to longi-
tudinal changes in these variables. We conclude, with some con-
fidence, that almost half of the worldwide decline in infant
mortality is associated with increases in economic development.
Our analysis does not permit us to determine whether the re-
mainder is due to the increasing diffusion of knowledge, or the
dividend from practices or programs begun before 1950, or other
unknown factors.

SUMMARY AND DISCUSSION

Risk of infant death is strongly related to level of eco-
nomic development. Children born under the least favorable cir-
cumstances have a 20-fold greater risk of death than those born
in the most favorable circumstances. Indeed, infant mortality
itself is sometimes used as a measure of economic development.
The purpose of this study was to examine, from available data,
those variables which are associated with economic development,
and, if possible, to make some judgement about the contribution
of each variable to declining infant mortality.

We were acutely aware from the outset of the limitations
of our data. It is likely to be true that data collected from
developing countries, where resources are limited, will be less
complete than those from developed countries. International
data collection is also lacking in information on factors that
are known to strongly influence the outcome of pregnancy and sur-
vival of the infant, particularly those related to the personal
characteristics of the mother, e.g., her age, height, marital
status, and smoking habits. It would clearly also be useful to
have information regarding stillbirths, specific age of death,
whether the birth had medical attendance, and cause of death.
None of this is available for large numbers of countries.

There are certain advantages in the use of national data.
We avoid the problem of sampling errors: our sample was the
universe, and we were interested in all children. We also had
available aggregated data on literacy, sanitation, religion,
and other variables that often cannot be studied in smaller,
more homogenous populations. A number of useful observations
emerged.

The relationship between energy consumption, used as an
index of economic development, and infant mortality is not lin-
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ear. There is no clear relationship of the two quantities be-
low 100 kgce or above 4000 kgce. We chose to fit the data to a
logistic curve, as seen in Figure 1. Many biological phenomena,
including growth curves, follow such a pattern. Whatever fac-
tors are operating to reduce infant mortality apparently have

a lower threshold and an upper optimal level beyond which no
further benefits seem to accrue.

The relationship between energy consumption and infant mor-
tality appears to be changing over time (Figure 1). The effect
of energy--and presumably of all other factors with which energy
is associated, i.e., nutritional calories, medical services, eco-
nomic goods and services--is declining with time. Our own data
suggest that less than half of the worldwide decline in infant
mortality between 1950 and 1970 is associated with economic de-
velopment.

Education

Of all the variables tested, literacy was consistently the
most strongly associated with a decline in infant mortality.
Correlations were high in cross-sectional data for 1950, 1970,
and the worldwide sample of 1975. 1Increasing literacy rates
were also strongly (negatively) correlated with infant mcortality
over the 20-year longitudinal study period. Literacy improve-
ment alone could "account" for 48 percent of the worldwide de-
cline in infant mortality, although it is likely that, to some
extent, it also serves as a proxy for other factors. Although
Cipolla [17] and others [18] have written extensively on the
role of education and economic development, there is little crit-
ical work on the relationship between education and infant mor-
tality in international comparisons.

There are a number of plausible explanations of this rela-
tionship. Those who are educated are less likely to depend upon
folk medicine, which may be not only ineffective but harmful.
Bomgaars [192] reports that undernourished babies in Nepal, whose
condition is thought to be due to the spell cast by pregnant wo-
men, are traditionally treated with warm baths, in spite of the
fact that easily available native foods are highly effective in
treating the condition. Literate persons are also able to avail
themselves of modern techniques of child care.

Another intriguing explanation is suggested by the work of
Inkeles and Smith [20]. They have identified a fairly constant
set of personal characteristics, which they describe as those
of a modern man, found in several developing countries. Their
description of such a person is as follows: "He is an informed
participant citizen; he is highly independent angd autonomous in
his relations to traditional sources of influence, especially
when he is making basic decisions about how to conduct his per-
sonal affairs; and he is ready for new experiences and ideas,
that is, he is relatively open minded and cognitively flexible".
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They found that the most important experience in producing mo-
dernism is eduation. The significance of literacy may well be
that it presents a proxy for the set of values and attitudes to-
wards life called modern, which may imply a heightened concern
for health and survival of the infant. Obviously, mechanisms
underlying this relationship deserve exploration. One useful
area may be the matter of increased handling and fondling of the
child, shown in so many animal and human studies to have a bene-
fical effect on development.

Nutrition

Whereas the relation of maternal nutrition to pregnancy
outcome remains unsettled [21,22], there can be little question
that malnutrition plays a crucial role in infant mortality,
particularly in developing countries. Often, the role of mal-
nutrition is concealed in vital statistics data by infections
such as diarrheas and pneunomias, which are far more common and
severe in the malnourished child. Similarly, the resultant in-
fection is likely to aggravate the level of malnutrition [23].
Although dietary protein requirements are given careful atten-
tion by pediatricians, our data show total calories to be a more
significant measure of nutritional adequacy in national food
supplies as measured by infant mortality rates than are protein
calories. Latham [24] points out that there has been an over-
emphasis on the importance of dietary protein, since, when the
staple food is cereal, protein deficiency rarely occurs unless
there is also a caloric deficiency.

Our analyses of nutritional data show high correlations
with reductions in infant mortality. Both total calories and
protein calories derived from animal protein maintain their
strong correlation in longitudinal as well as in cross-sectional
data. We are reluctant to attribute much of the infant mortality
decline to this factor since we have so little evidence that
infant nutrition relates directly to aggregated national data.
Furthermore, we have longitudinal nutritional data on only a
small sample of 22 countries.

On the other hand, examination of national nutritional data
can be justified for the following reasons. Although there are
very few survey data on distribution of nutritional factors by
age, or by economic status within nations, the data that do
exist suggest that, if there is not enough food for the whole
family, the working adults tend to take the largest share for
themselves [25]. Surveys carried out in Nigeria, Kenya, and
Guatemala found that children's intake of nutrients is not

proportional to the nutrient supply available in the household.
Children may also lose their appetite, and the efficiency with
which their bodies are able to utilize nutrients is reduced due
to infections. Or they may not be able to eat enough of the
monotonous bulky staple food provided at the one or two major
meals served during the day. One attempt to adjust estimates
of malnutrition for maldistribution of foodstuffs within coun-
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tries has produced a much larger estimate of malnutrition than
would be derived from maldistribution of food among nations [26].

Critical to an evaluation of infant nutrition is an estimate
of weaning age. The frequency of malnutrition and infectious
disease and the consequent risk of death increase precipitously
following weaning. Unfortunately, earlier weaning 1is apparently
increasing throughout the world. Participation of mothers in
the work force, urbanization, and limitation of more affluent
classes seem to underlie this phenomenon. In wealthier communi-
ties, families may substitute cow's milk and an otherwise ade-
quate diet, whereas poorer families cannot afford to do so.

For example, Reutlinger and Selowsky [26] calculate that the un-
skilled working mother of a newborn infant in Calcutta must
spend over 50 percent of her income on cow's milk if she is to
replace the nutritional value of her own milk. We conclude that,
although the demonstrated relationship between national food
supplies and infant mortality is strong, there are hidden inter-
vening variables that are operating.

Medical Care

The correlation coefficients of the two medical variables
(population per hospital bed and per doctor} to infant mortality
were both high, r = 0.86 and 0.89, respectively. Statistical per-
formance of these variables was otherwise weak. For example,
the correlations within phases were nonsignificant or in the
wrong direction in 7 out of 10 estimates. Furthermore, the
longitudinal analysis demonstrated nonsignificant correlations
between reductions in populations per bed or per doctor and in-
fant mortality.

There are a number of reasons for scepticism regarding
the effectiveness of therapeutic services in reducing infant
mortality rates in the developing countries:

- Examination of longitudinal trends of infant mortality
in developed countries shows a steady decline beginning
in the early part of this century. Since there was
little in the way of specific therapy available in
earlier decades, it is unlikely that therapeutic health
care could have effectively contributed to observed de-
clines [27].

- Since much of infant mortality beyond the immediate neo-
natal period is environmental in origin, therapeutic in-
terventions are not likely to be effective. For example,
80 percent of children between 7 months and 2 years of
age admitted to a Johannesburg hospital were signifi-
cantly malnourished [28]). A follow-up of children hos-
pitalized in Iran revealed that a third had subsequently
died [29]. Furthermore, few of those who survived had
significantly improved their weight relative to their
age.
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- Examination of specific causes of death among infants
reveals that in the neonatal period (first month) there
are a variety of vague, ill-defined conditions and con-
genital malformations. Only rarely are there recogniz-
able defects for which curative intervention is avail-
able. The very slow decline in infant mortality rates
in developed countries is a reflection of this. Beyond
the neonatal period, infections such as diarrheas and
pneumonias are complications of other underlying patho-
logy, frequently malnutrition. Studies have shown that
the frequency of infectious diseases causing mortality
among children show a significant decline when nutri-
tional supplements are added [30]. When both medical
care and nutritional supplements were provided in an
experiment in India, the nutritional supplements had
the major impact [31].

On the other hand, several investigators have found signi-
ficant effects of adequate obstetric and pediatric care in the
developed countries where the major problem of nutrition has
been overcome. For example, it is estimated that the infant
mortality of 21.9 per 1000 live births in New York City (1968)
could have been reduced to 14.7--a 33-percent reduction--had
all pregnant women received adequate care [32]. Such studies,
even when controlled for socio-economic and medical variables,
demonstrate an effect of medical care in reducing infant morta-
lity risk. In another New York study, it was concluded that 75
percent of the decline in infant mortality in the past decade
was due to spontaneous reduction in the frequency of high-risk,
low-birth-weight children, and that only 25 percent could be
attributed to medical care [33]. Thus, while in the developing
countries medical care appears to be outweighed in importance
by nutrition, it may play some role in the more developed coun-
tries where nutrition is no longer a problem.

Urbanization

Urbanization appears to be one of the unalterable features
of economic development. The pattern of urbanization accompany-
ing development has recently been described by Rogers [34]:

- During the initial period of city formation the rate
of urban growth is exceeded by the rate of rural growth.

- At some point in the history of the nation or region a
reversal occurs, and the urban growth rate ocutstrips the
rate of increase of the rural population, thereby imi-
tating the growth of urbanization.

- Eventually a “"turning point" is reached as the proportion
of the population that is urban exceeds 50 percent for
the first time.

- With the continuous decline in agriculture's share of the
total laber force, the rural population ceases to grow
and begins to decline in number.
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- In the late states of industrialization, a decentraliza-
tion occurs, producing a more dispersed population.

Although urban-rural mortality rates have often differed,
there has been no consistent pattern. In Scandinavia, urban in-
fant death rates were historically at least 50 percent greater
than rural infant death rates. That discrepancy has gradually
disappeared as urban death rates fell more rapidly than did ru-
ral rates, so that by 1960 they were identical [35]. 1In the de-
veloping countries today, infant mortality appears to be lower
in cities than in rural areas. This has been shown in South
America, Africa, and Mexico [36]. Conflicting data on the effect
of urbanization on infant mortality could well be the result of
a number of factors influencing infant mortality in different
directions: crowding, employment of women, availability of me-
dical care, and differences in weaning practices.

Role of Economic Development

Equation (1), which incorporates information on both se-
cular and economic factors, allows us to predict 1970 infant
mortality levels with a high degree of accuracy (Figure 5).
Almost half of the decline can be attributed to economic de-
velopment, as reflected by increased energy consumption, in-
creased literacy, and their interaction. The remainder is un-
explained. These findings can be compared with those of
Preston [37] who studied the effect of economic development as
measured by GNP on longevity from birth, a statistic highly cor-
related with infant mortality. He estimated that 16 percent of
the improvement in health from 1938 to 1963 could be attributed
to economic factors per se.

As indicated by the relationship implied in Equation (1)
and graphically shown in Figure 4, improvements in literacy
and/or economic development as measured by energy consumption
will to a certain extent substitute for each other. A few ex-
treme examples illustrate the point. Over the interval 1950-
1970. Oatar increased its per capita energy consumption from 50
to almost 10,000 kgce, a 200-fold increase. Literacy rates in-
creased from an estimated 2.5 percent to -12.5 percent in 1970.
Substituting in Equation (1), the predicted declines in infant
mortality were 3.8, 22.6, and 29.7 from literacy increase, ener-
gy increase, and their interaction, respectively; a total of
56.1 per 1000 live births. The observed decline was, in fact,
an estimated 62 (from 200 to 138). At the other extreme are
the 8 countries in Phase IIa (Figure 5) for whom improvement in
literacy contributed more to reduction of infant mortality than
did eccnomic development, but still not as much as did other un-
explained factors.

In conclusion, we have identified two factors that have
had a powerful effect on reducing infant mortality rates through-
out the world. One of these is closely related to economic de-
velopment as measured by an index combining national energy con-




-24-

sumption and literacy rates. Of the individual factors contri-
buting to this effect, education is the most powerful variable
identified. The other factor, unrelated to economic develop-
ment and operating universally, accounts for at least 50 percent
of the decline in infant death rates. Plausible conjectures ex-
plaining this phenomenon are a natural decrease in the virulence
of infectious disease, an increase in human resistance, or both.
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